A strategy for detecting low levels of virus infection is described. It was evaluated by studying the where N is the number of plants per incidence of potato virus X (PVX) and potato virus S (PVS) in the Victorian Certified Seed Potato batch. The proportion of leaves infected Scheme, using pooled samples and enzyme-linked immunosorbent assay (ELISA). In 57,000 plants (p) was derived using examined for both PVS and PVX, incidence for both viruses averaged 0.13%. ELISA was able to detect one infected plant in 1,000.
p=I-q.
Confidence limits were obtained for Q
In order to detect low levels of virus and 2% polyvinylpyrrolidone (mol wt from the tables of Rolf and Sokal (7). infection in crops, many plants need to be 44,000) (PBS-Tween-PVP), squeezed These were translated into confidence tested. The workload can be decreased by through muslin, and 5 ml was frozen until limits forp by applying equations I and 2 pooling samples, but the consequent tested. Reactions were assessed visually to the appropriate upper and lower diluent effect on infected samples and spectrophotometrically at 405 nm confidence limits of Q. This was done for requires a very sensitive testing procedure.
after reactions were stopped by adding 3 all possible outcomes of the two tests Wright et al (9) used the latex test on M sodium hydroxide. used, ie, 10 batches of 100 leaves and 20 pooled samples to test for virus in potato Samples were first tested simultaneously batches of 50 leaves. Estimates of field crops; however, enzyme-linked immunofor PVX and PVS on the same plate. infection levels and the corresponding sorbent assay (ELISA) is more sensitive Those with positive results were then 95% upper and lower confidence limits than the latex test (3) so the size of pooled tested separately against each antiserum. are presented in Tables I and 2 . samples can be increased.
When both viruses were tested on the Assumptions made were I) that the N This paper outlines a strategy for same plate, the plates were coated with a plants were sampled once and chosen at detecting low levels of virus infection, mixture of both virus y-globulins, each at random, 2) that the sample from an which was evaluated by investigating the 0.5 Mg ml-', and mixtures of the enzymeinfected plant contained viral antigen, incidence of potato virus X (PVX) and antibody conjugates were used, each at a and 3) that the test for virus was potato virus S (PVS), using pooled dilution of 1/200. When assays for PVX completely effective. samples and ELISA, in the Victorian and PVS were done separately, individual Certified Seed Potato Scheme (4).
plates were coated with -y-globulin at I RESULTS y g ml-' and the enzyme-antibody ELISA. almost no reaction (Table 3) , indicating plantings), and Kennebec (three plantings). probability that a test (as opposed to a that the test would detect one infected leaf Two plantings had PVS alone: Coliban batch) composed of N samples would in a batch of 100 leaves. Further tests had an estimated 2.08% and Pontiac had contain at least one infection. Thus, if a showed that one PVX-infected leaf in a an estimated 0.33% incidence; and six test is required to detect 0.1% infection batch of 1,000 leaves and one PVSplantings had PVX alone, ranging from 95% of the times the test is applied, we infected leaf in 300 gave visual reactions.
an estimated 0.1 to 1. 19% incidence. Two have: 0.05 = 0. 9 9 9 N or log (0.05) = N Field infection levels. In the [1979] [1980] plantings had dual infections: a Coliban (log 0.999) and N = 2,994, which is season, nine foundation and 20 certified planting had an estimated 0.57% PVX independent of planting size. Samples seed plantings were tested (Table  4 ) . PVX and 1.19% PVS and an Exton B planting can then be distributed among, say, 10 was not detected in any of the foundation known to be universally infected with batches so that an estimate of the seed plantings tested, whereas PVS was PVS had an estimated 0.57% PVX. infection level (as opposed merely to virus detected in two. Neither virus was found detection) can be obtained. in plantings of Sequoia, Kennebec, DISCUSSION For this type of sampling, an ELISAis Tasman, Sebago (two plantings), and
In order to monitor infection rates in needed that can detect low levels of virus Exton C (two plantings). PVS was certification schemes, a suitable method in a batch. PVS has previously only been present in an estimated 0.105% of one is required to test the numerous samples reliably detected in batches of 10 (1) and Coliban planting and in 100% of an necessary to detect low levels of infection. in batches of 10-20 leaves (6), and PVX Exton B planting known to be universally ELISA meets this requirement. At has only been reliably detected in batches infected, present, with incidences generally below of 100 leaves (1). Our test for both viruses Neither virus was detected in 10 of the 1%, testing 10 batches of 100 leaves each reliably detected one infected leaf in 1,000 certified seed plantings tested: Pontiac has proven effective with the Victorian for PVX and one in 300 for PVS. Three (one planting), Coliban (one planting), Certified Seed Potato Scheme. However, isolates of both PVX and PVS were Kennebec (one planting), Sequoia (one if infection levels are reduced to the more tested and some strains of PVS may have planting), and Sebago (six plantings). desirable 0.1% or less, a considerable escaped detection; however, ELISA is Five plantings had PVS alone, ranging increase in total sample size will be used routinely to confirm electron from an estimated 0.1 to 2.28%. Two necessary. microscope diagnosis, which it has never plantings had dual infections: a Coliban
In a similar potato certification failed to do. planting had an estimated 0.22% PVX scheme, Wright et al (9) crops; and 10 certified seed crops: Pontiac, Coliban, Kennebec, Sequoia, and six Sebago crops, underestimation of infection levels more were free of both PVS and PVX.
often than serotype variation.
The same strategy is used for surveys of 
